The implantation of a fertilized ovum outside the uterine cavity is known as an ectopic pregnancy.
and lower abdominal cramping lasting 4 days. Estimations made using the patient's last menstrual period suggested a gestational age of 5 weeks, 2 days. The patient's medical history included a previous missed abortion for which she underwent a dilatation and curettage (D & C) procedure. An endovaginal sonographic examination was performed using a GE Healthcare Logic 5 (GE Healthcare, Buckinghamshire, UK) with an 8.0-MHz transducer. The sonographic findings included a thickened endometrium measuring 19.3 mm, filled with a moderate amount of complex echoes (Figure 1 ). Evidence of an intrauterine pregnancy of at least 4 to 5 weeks, adnexal mass, or free fluid was not observed. Prior to the sonographic examination, B-hCG serum was ordered, and the resulting value was 5922 mIU/mL. In light of the clinical and sonographic findings, the diagnosis of a missed abortion was made, and the patient was sent home. Three days later, the patient was asked to return for another sonogram and serial B-hCG serum tests. On the third day after the initial sonogram, the B-hCG level decreased to 2177 mIU/mL. On day 10, test results showed 887 mIU/mL, and on day 16, the B-hCG rose to 1246 mIU/mL. At this time, a follow-up sonogram was scheduled, and an additional B-hCG test was ordered (see Figure 2 ). Seventeen days after the initial sonogram, the patient returned to the facility with heavy bleeding, pelvic pain, and a B-hCG result of 1369 mIU/mL. A repeat endovaginal sonogram was performed, this time using a GE Healthcare Voluson 730 with an 8.0-MHz transducer. The examination revealed a thin endometrial stripe measuring 1.2 mm, without evidence of an intrauterine pregnancy, and a complex, hypervascular mass measuring 1.7 × 1.4 × 1.7 cm in the right lateral fundal aspect of the uterus (Figure 3 ). This complex mass, in conjunction with the rising B-hCG level and a lack of intrauterine pregnancy, was suspicious of a cornual ectopic pregnancy. Based on sonographic findings and clinical history, the patient was treated with methotrexate, and B-hCG values again were monitored.
Approximately 19 days following methotrexate therapy, the patient's B-hCG results had decreased to 254 mIU/mL, and a follow-up sonogram again demonstrated a complex hypervascular mass within the right cornua of the uterus. The patient was referred to a reproductive endocrinology and infertility clinic. The referral clinic performed a repeat sonogram, which confirmed the diagnosis of a cornual ectopic pregnancy. By this time, 75 days since the administration of methotrexate, the patient's B-hCG level had decreased to 5 mIU/mL, and the recommendation to have a mini laparotomy with resection of the cornual area of the uterus was made to remove the trophoblastic mass. The patient was to undergo the procedure approximately two weeks following her appointment to the referral clinic, but during that time frame (90 days following the administration of methotrexate), her B-hCG values were less than 2 mIU/mL, and a final sonogram revealed a complete resolution of the cornual mass.
Discussion
An ectopic pregnancy is defined as the implantation of the fertilized ovum outside of the uterine cavity.
1 Ectopic pregnancies most commonly occur in the fallopian tube, primarily the ampullary region (95%-97%) and, in rare cases, the interstitial or cornual region (2%-5%). 2 Other locations of ectopic implantation include the fimbria or isthmus of the fallopian tube, abdomen, ovaries, cervix, and, in extremely rare cases, a cesarean section scar. Ectopic gestations, which occur at a rate of 1.4 for every 100 reported pregnancies, are the leading cause of maternal mortality in the first trimester. 3 Interstitial pregnancies, in particular, carry a higher maternal morbidity and mortality rate due to the abundant blood supply of this region compared with other tubal pregnancies. 4 Furthermore, a pregnancy that implants at the cornu of the uterus will advance further in gestation than if it implants in less distensible portions of the fallopian tube. 5 If not detected early, a cornual ectopic pregnancy may lead to uterine rupture, hemorrhage, and maternal morbidity.
In general, patient groups at risk for ectopic pregnancy include (1) patients who become pregnant with an intrauterine device in place; (2) patients with a history of a prior ectopic pregnancy, pelvic inflammatory disease, or tubal reconstructive surgery; (3) patients who become pregnant by in vitro fertilization; or (4) patients who have had laparoscopic tubal coagulation. 2, 6 In this particular case, the patient had a D & C procedure 6 months prior, which may have caused scarring or changes to the uterine architecture. Previous uterine surgery or abnormalities of the uterine architecture have been found to predispose women to cornual pregnancies. 7 The clinical triad of symptoms that may accompany an ectopic pregnancy include pain, abnormal bleeding, and palpable adnexal mass, 3,5,6 but these symptoms are not specific for ectopic pregnancy and may not be present in all cases. Given the difficulty of diagnosing an ectopic pregnancy by clinical findings alone, discriminatory B-hCG levels in conjunction with an endovaginal sonogram have become valuable tools in differentiating an intrauterine from an extrauterine pregnancy. The development of the highly sensitive radioimmunoassay to quantitate the presence and levels of B-hCG in the serum, together with the enhanced resolution of endovaginal sonography, has also made it possible to detect ectopic pregnancies much earlier than in the past. 2, 4, 6 In a normal pregnancy, B-hCG levels should increase an average of 66% every 48 hours or double every 3 days. 6 Due to the growth constraints imposed on most ectopic pregnancies, a failure of the B-hCG levels to rise accordingly exists. Ectopic pregnancies have also been found to exhibit a decreased or declining level of serum B-hCG that may easily be misinterpreted as a spontaneous abortion (as was the initial impression of this case). 6 In a study outlining the trends of B-hCG titers with ectopic pregnancies, Daus et al. 8 concluded that 57% of their ectopic pregnancies demonstrated a fall in B-hCG levels, 36% had an abnormal rise, and only 6.4% had a normal rise in serum level. This case demonstrated both a decrease and an increase in B-hCG levels (see Figure 2 ), which confirms the importance of correlating serial B-hCG serum testing results with the sonogram(s).
The most common sonographic findings for a cornual ectopic pregnancy include a gestational sac or heterogeneous mass seen lateral to midline in the transverse or coronal view surrounded by an asymmetric or incomplete myometrial mantel. 5, 7, 9 In this case, an eccentrically located heterogeneous mass was observed with less than 1 cm of myometrium at the right peripheral border. Upon further evaluation, an irregular color flow pattern was noted (Figure 4) , as well as a low-impedance and high-diastolic flow by pulsed Doppler ( Figure  5 ). The pulsed Doppler signals of an ectopic pregnancy are typically of low impedance and high diastolic flow, although a significant range of Doppler waveforms may be observed. 6 In addition, color flow may also vary widely, and any bizarre pattern of color flow that is observed should arouse suspicion. 6 Other, less specific sonographic signs of interstitial ectopic pregnancy include an empty uterine cavity, visualization of myometrium between the gestation and the uterine cavity, and no gestational sac visible above the level of the internal os in a sagittal plane. 5 Both surgical and nonsurgical treatments are available for the resolution of a cornual ectopic pregnancy. In the past, surgeries such as cornual wedge resection or hysterectomy 5 were the only forms of treatment. Today, if detected at the preruptured state, early diagnosis of this condition may enable application of conservative management with the administration of methotrexate. 3 In this case, although the mass persisted for several weeks following the administration of methotrexate, the patient's B-hCG levels declined to the appropriate nonpregnant state value. In one case, 10 in which a cervical ectopic pregnancy was also treated with methotrexate, a cervical mass developed after the administration of methotrexate and did not completely regress until 227 days after the initial treatment. In that particular case, the methotrexate was injected directly into the intra-amniotic membrane, which, according to the study, may have caused a hemorrhage or an inflammatory process. In that case, as well as our case, transvaginal sonography played an important role in the early detection of the ectopic pregnancy and in monitoring the outcome of methotrexate therapy.
Approximately 2% to 5% of ectopic pregnancies occur in the interstitial or cornual region of the uterus. 2 Due to the abundant blood supply to this section of the uterus, a cornual ectopic pregnancy may lead to uterine rupture, hemorrhage, and maternal morbidity if not detected early. Sonographic findings that should arouse suspicion for a cornual ectopic pregnancy include a gestational sac or heterogeneous mass seen lateral to midline in the transverse or coronal view surrounded by an asymmetric or incomplete myometrial mantel, 5,7,9 a bizarre color flow pattern within the eccentrically located mass, and a low-impedance and high-diastolic flow by pulsed Doppler. 6 If detected at the preruptured state, early diagnosis of this condition may enable application of conservative management with the administration of methotrexate, thereby avoiding the risks and complications that can arise from surgical intervention. 3 Correlating serial B-hCG serum levels with transvaginal sonographic findings is essential for the early detection and monitoring the treatment outcome of a cornual ectopic pregnancy.
Conclusion
The sonographic detection of cornual ectopic pregnancy has proven to be a difficult finding to diagnose. Obtaining a thorough patient clinical history and serial B-hCG results will help physicians and sonographers alike in the early detection of this rare form of ectopic pregnancy. If a cornual ectopic pregnancy is suspected, careful sonographic examination of the uterine myometrium, at the level of the cornua, will offer significant information.
